Few studies have successfully examined the empirical impact of limited information processing on real economic variables. The challenge relies, of course, on the di¢ culty of measuring an economic agent's degree of attention/inattention paid to di¤erent types of information. This paper overcomes such challenge exploring a unique dataset containing the "search/click-through"behavior of internet search engine users. We analyzes the e¤ect of attention allocation on international investment decisions by combining U.S. data on portfolio holdings of foreign securities with the attention allocated by 657,426 America Online customers in search queries towards these countries. We …nd evidence that: (i) agents tend to search more information about countries in which they hold more assets, and (ii) agents tend to invest more in countries where they process more information.
customers in search queries towards these countries.
The idea that "most people everyday encounter, or could very easily encounter, much more information that is in principle relevant to their economic behavior than they actually respond to" (Sims, 2006 ) -known as rational inattention -has recently been incorporated into economic models. The basic implication of this assumption is that agents have to decide the relevant information for their decision-making.
A number of applications to macroeconomics and …nance have been written in the past years. In macroeconomics, rational inattention helps explaining sticky prices in Mackowiak and Wiederholt (2007) and Mankiw and Reis (2002) and consumption dynamics in Luo (2007) .
Faulkinger (2007) develops a theoretical model in which …rms have to compete …rst for consumers' attention before competing for their budgets. In …nance, it has been used to better understand the equity-premium puzzle in Gabaix and Laibson (2002) Due to limitations on datasets, most of these models rely on calibration and simulation.
One major criticism to this technique is with respect to the parameters that refer to the limits in the information processing capacity. Other papers rely on regressions with variables that proxy attention allocation. As a measure of information ‡ow, Portes lab. However, the degree of noise that separates these proxy variables to the real unobservable economic concepts may generate some skepticism towards the empirical results.
Measuring attention allocation is a complicated task. Agents process information using di¤erent media (i.e., books, magazines, newspapers, radio, TV, the internet). For most of these di¤erent type of media, it is virtually impossible to track the amount of e¤ort spent by the agent on processing information about di¤erent topics. On August 3, 2006 , AOL released a dataset that includes over 21 million web search queries 1 from 657,426 customers. The data includes all searches from those users for a three month period (March 1st to May 31st of 2006), as well as whether they clicked on a result and where it appeared on the result page. In this paper, we explore the AOL dataset to measure the attention allocated to di¤erent countries.
We believe that a measure based on the internet search queries can proxy attention allocation because: …rst, the World Wide Web is becoming the predominant information media; second, search engines are the most popular tool to help users …nd reliable information on the "Web" since it minimizes the time required and the amount of information which must be consulted; third, by having the exact search query, we know what is the topic that the user was interested in.
Using this dataset, we constructed a click-through series that counts the number of times a user clicked through a search result from a particular country. The idea is to measure the attention allocated to a country by the number of times this country provided the answer to a search query. We combine the click-through series with data from the 2006 survey of U.S. portfolio holdings of foreign securities, sponsored by the Department of the Treasury, the ii. Causality runs from asset holding to attention: other things equal, agents tend to pay more attention to the countries at which they hold more assets;
iii. Causality runs from attention to holdings: other things equal, agents tend to invest more in countries from which they process more information.
While the …rst explanation is the most obvious one, the other two are by far more interesting. In this paper, we build a model with inattentive investors that rationalizes the two-way causal relationship between attention allocation and international investment. We …nd empirical evidence that the strong relationship between asset holdings and attention allocation is actually a result of all three factors. First, there is correlation caused by a country's development level. This e¤ect is captured by the positive e¤ect of GDP per capita on both the attention allocated to and also the amount of securities held in each country. Agents not only invest more but also pay more attention to more developed economies. Second, causality runs from asset holdings to attention allocation. Using instrumental variables that capture the level of development in …nancial markets, we …nd that agents do pay more attention to the countries at which they hold more assets. Third, causality also runs from attention allocation to asset holdings. Using instrumental variables that are related to a country's popularity among internet users, we …nd that international investors tend to hold more assets at more familiar countries. The rest of the paper is organized as follows. Section 2 develops the model. Section 3 describes the dataset. Section 4 shows the empirical results. Section 5 concludes.
Model
The objective of the model is to show the interaction between asset holdings and attention allocation. In particular, we are interested in …nding the e¤ect of asset holdings on attention allocation and the reverse, the e¤ect of asset holdings on attention allocation.
Model Description
This is a partial equilibrium model with two countries. The economy consists of a risk free asset, which pays R units of the consumption good, and two independent risky assets. Even though this is a static model, four discrete events occur during the operation of the market. Investors, with absolute risk tolerance parameter , maximize a mean-variance objective function
subject to the following budget constraint
where W i0 is the initial wealth of agent i, X i = (x i;1 ; x i;2 ) 0 is the asset holdings vector of agent i,R is the vector of risky asset payo¤s andP is the price vector of the risky assets.
Investors devote information capacity to process information about the vector of unknown and independent asset payo¤sR = (r 1 ;r 2 ) 0 withr j N r j ; 2 r;j , for j = 1; 2. Agent i receives a private signal about each risky asset given bỹ y i;j =r j +" i;j where " i;j N (0;
Investors want to obtain information about the risky assets in order to reduce the uncertainty of their optimal portfolio. They face the following linear technology on processing information about the state of the economy 1
The precision of a private signal is higher if more attention is allocated to that particular signal. However, investors have a limited capacity to process information about asset payo¤s. 
E¤ect of Attention Allocation on Asset Holdings
The objective of this section is to show the e¤ect of attention allocation on asset holdings.
Suppose each agent chooses the optimal risky asset demand taking as given any attention allocation. After observing a given private signal about each risky asset, investors derive their posterior beliefs about the asset payo¤s in order to choose their optimal asset holdings
Asset holdings are increasing with attention allocation, 
Therefore, investors hold more assets in countries at which they pay more attention.
E¤ect of Asset Holdings on Attention Allocation
The objective of this section is to show the e¤ect of asset holdings on attention allocation.
Suppose that investors take as given their asset holdings when choosing where to allocate their information resources, then the objective function becomes
which can be rewritten as
subject to the information processing constraint i;1 + i;2 and i;j 0
The optimal attention allocation is given by 
The attention allocated to a particular stock market is increasing with the asset holdings on this market since
Therefore, investors optimally decide to pay more attention to countries in which they hold more assets.
Dataset
The model presented in the previous section developed a relationship between attention allocation and asset holdings. In order to test the predictions of our model, we need to …nd an appropriate measure of the attention that economic agents allocate to di¤erent countries.
However, this is not an easy task. First, agents process information using di¤erent media (i.e., books, magazines, newspapers, radio, TV, the internet). Second, for most of these di¤erent type of media, it is virtually impossible to track the amount of e¤ort spent by the agent on processing information about each individual country. In this section, we will show how data from internet search queries can be used to overcome these di¢ culties.
3.1 How to Measure Attention Allocation?
The World Wide Web and Internet search engines
The World Wide Web (commonly shortened to "the Web") is becoming the predominant information system. The Web is a system of interlinked hypertext documents accessible via the Internet. With a web browser, a user may access the information contained in those documents by viewing web pages and exploring their texts, images, videos, and other multimedia.
However, the exponential growth in the number of documents available, one of the main reasons for its increasing popularity, also causes a problem referred to as information overload.
The high rate of new documents being added to the already available large stock, combined with a signi…cant proportion of websites with questionable reliability, make it very di¢ cult for the user to identify what information is relevant. This is why Internet search engine tools are so popular. Search engines help minimize the time required to …nd reliable information and the amount of information that must be consulted.
Some numbers con…rm this increasing popularity. According to the World Development
Indicators database, the number of internet users in the US as a fraction of the total population has increased from 43.9% in 2000 to 63.0% in 2004. And according to Fallows (2005) , 84% of adult internet users have used search engines to help them …nd information on the Web. 2 On an average day, about 53% of internet users will go online and more than half of them will use a search engine. As the author concludes, "searching is becoming a daily habit for about a third of all internet users." -92% of those who use search engines say they are con…dent about their searching abilities, with over half of them, 52%, saying they're "very con…dent"; -87% of searchers say that they have successful search experiences most of the time, including some 17% of users who say they always …nd the information they are looking for; -68% of users say that search engines are a fair and unbiased source of information; 19% say that they don't place their trust in search engines.
The AOL click-through series
The previous section shows that internet with the help of search engine tools is one of the most popular ways of …nding information. However, we are still left with the problem of measuring the degree of attention allocated to each individual country.
Recently A record without user click-through corresponds to an event that a user issued a query, but did not click on any results returned back by the search engine. The record is a triplet (u, q, t) consisting of the anonymous user ID number, the query issued by the user, and the time at which the query was submitted for search.
The AOL search/click-through data help us measure the attention allocated to di¤erent countries through the Internet not only because it contains the search query, but also because it tells us whether the user clicked in any result, and what is the domain portion of the clicked result URL. While having the exact search query helps to see what information the user was looking for, many search queries are too broad or too ambiguous, yielding many results that are irrelevant to the user. But since we know whether the user clicked through any of the results, we can identify the search results that were irrelevant. Moreover, having the web address of the results that were clicked through can help us extract additional information about the user's exact needs.
The Attention Allocation Variable
Using the AOL search/click-through data, we constructed the attention variable, which measures the number of times a user clicked through a search result from a particular country from March 1 until May 31 of 2006. In other words, we are measuring the attention allocated to a country by the number of times this countries provided the answer to a search query. This measure is constructed by taking the host name from each click-through record, and mapping it to the country where the host address has been assigned. This procedure involves …nding …rst the IP address associated to the domain portion of the website name. This process is known as DNS lookup. Then, since IP addresses are allocated by regional organisations, it is relatively simple to …nd the country associated with the IP address.
Other Data
We measure holdings using the annual survey of U.S. residents' holdings of foreign 4 The larger a country's share 4 The o¢ cial de…nition of a protected area is "an area of land and/or sea especially dedicated to the protection of protected areas, the more likely it is that it has places of natural beauty or cultural interest that are worth searching about.
In the second group, we include two variables that should be directly related to the holdings of foreign assets. Both variables measure how developed is a country's stock market. Other could be corruption, the con…dence in the judicial system or in courts to uphold property rights, and the stability of the political system. Other things equal, we expect Americans to hold more assets in countries with more favorable investor-protection mechanisms or more stable political systems. However, economic development may also a¤ect the level of attention allocated towards a country. More developed economies could o¤er websites or webservices that are either more interesting or more sophisticated, and hence attract more attention. Table 1 presents each country's statistics and table 2 shows the summary statistics.
[Insert Tables 1 and 2 about here] and maintenance of biological diversity, and of natural and associated cultural resources, and managed through legal or other e¤ ective means." 5 Both variables were used in Portes and Rey (2005) to explain bilateral gross cross-border equity ‡ows. Table 3 has.the correlation matrix. We can notice that the highest correlation is between attention and holdings, 81%. It is also interesting to see that female models and protected areas have low correlation with GDP per capita. This is an indication that beauty patterns or locations with cultural value are unrelated to the development level.
[Insert Tables 3 about here] 4 Empirical Evidence
In this section we present the empirical evidence of the two-way causal relationship between attention allocation and foreign asset holdings:
2 female models i + : : :
: : :
where, from equations (7) and (13), we have 
0.
We will present the estimation output using two di¤erent types of estimation procedures, starting with equation-by-equation 2SLS and then moving to simultaneous equation 3SLS.
Although the 3SLS estimator is more e¢ cient, it requires that the system is perfectly speci…ed.
A wrong instrument in one equation would bias the coe¢ cients of the other equation in the system. In that sense, the 2SLS estimator is more robust. Table 4 presents the estimation output of the …rst-stage regressions from the 2SLS procedure.
Equation-by-equation 2SLS
At a …rst glance, the fact that female models is signi…cant at the holdings equation might raise some concerns about its validity as an instrument in the attention equation. However, we believe that this coe¢ cient is signi…cant because it predicts attention, which a¤ects holdings.
One way to see this is through Table 5 , that presents OLS regressions in which all variables are included. Note that once attention is included as a regressor on the holdings equation, female models is no longer signi…cant.
[Insert Tables 4 and 5 about here]
The estimation output from the second-stage regressions of the 2SLS procedure are on Table 6 . The …rst column of results refers to the attention equation. In this equation, we used market sophistication and market capitalization as instruments for the holdings variable. We can see that the overiden…cation test does not reject the validity of the chosen instruments, the Hansen-Sargan statistic is 0.338, with a p-value of 56.1%. The model also has a good in-sample …t, the R 2 is 74.3%, and all estimated coe¢ cients are signi…cant. First, agents do pay more attention to countries at which they hold more assets. A 1% increase in the holdings of a particular country's asset is also associated with a 0.23% increase in the number of that country's click-throughs. Second, attention is a¤ected by the popularity of a country's female models: an increase of 1 point in the female models popularity rank increases the number of click-throughs received by a country by 0.3%. Third, a 1% increase in a country's share of proteced areas increases attention by 0.23%. Finally, the more developed a country, the higher the attention allocated to it: a 1% increase in GDP per capita increases the number of click-throughs by 0.57%.
[Insert Table 6 about here]
The second column of Table 6 presents the estimated coe¢ cients for the holdings equation, in which we used female models and protected areas as instrumental variables for the attention allocated to each country. The overiden…cation test does not reject the validity of these three variables as instruments: the Hansen-Sargan statistic is 0.671, with a p-value of 41.3%. The in-sample …t is also good, with an R 2 of 70.7%. The coe¢ cient associated to attention is signi…cant at the 1% signi…cance level: countries that receive 1% more click-throughs also have an increase of 0.72% on its asset holdings. Second, investors tend to invest more in more sophisticated …nancial markets: a 1% increase in the market sophistication increases asset holdings by 4.56%, with the coe¢ cient being signi…cant at 5%. Finally, even though the coe¢ cients associated with market capitalization and GDP per capita have the predicted sign, they are both not signi…cant.
Multiple-equation 3SLS
The results of the 3SLS estimation are reported on Table 7 . We can notice that all coe¢ cients have the same sign, and very similar magnitudes compared to the ones estimated by 2SLS. The only noticeable di¤erences are with respect to the signi…cance level of a couple of variables.
The coe¢ cient associated to holdings on the attention equation has its signi…cance reduced from the 1% to the 10% level. On the holdings equation, while attention has its signi…cance level decreased from 1% to 5%, market sophistication has its signi…cance increased from the 5% to the 1% level.
[Insert Table 7 about here]
Since the system is over-identi…ed, we can test the null hypothesis that all the instruments are valid. The Hansen-Sargan statistic obtained was 0.930, with a p-value of 62.8%. This implies that we cannot reject the orthogonality conditions assumed when estimating the system by 3SLS.
Conclusion
This paper introduces a model and …nds empirical evidence on the interaction between international asset holdings and attention allocation. We analyze a new a database that includes over 21 million web queries from 657,426 America Online users. The data includes all searches and results from those users for a three month period as well as whether they clicked or did not click on a search result and where it appeared on the result page. In this paper, we explore the AOL dataset to help us measure the attention allocated to di¤erent countries. We believe that a measure based on the internet search queries can proxy attention allocation because:
…rst, the World Wide Web is becoming the predominant information media; second, search engines are the most popular tool to help users …nd reliable information on the "Web"since it minimizes the time required and the amount of information which must be consulted; third, by having the exact search query we can know what was the topic that the user was interested at.
Using the AOL dataset, we constructed an attention allocation variable, which measures the number of times a user clicked through a search result from a particular country. We combine the click-through series with data from the latest survey of U.S. portfolio holdings of foreign securities. We …nd empirical evidence using both 2SLS and 3SLS that the strong relationship between asset holdings and attention allocation presented by Figure 1 is actually a result of three factors. First, correlation caused by the level of development, which is captured by the positive e¤ect of GDP per capita in both equations. Investors hold more assets in countries with more favorable investor-protection mechanisms and more stable political systems, and they also search more information from developed economies due to thei more sophisticated websites or webservices. Second, causality runs from asset holdings to attention allocation. Using instrumental variables that capture the level of development in …nancial markets, the economic proximity and the importance of the U.S. as a trade partner for that country, we …nd that agents pay more attention to countries at which they hold more assets. Third, causality also runs from attention allocation to asset holdings. Using instrumental variables that are related to a country's popularity among internet users, we …nd that international investors tend to hold more assets in countries from which they process more information. Note: Each equation was estimated individually by ordinary least squares. White's robust standard errors are given in parenthesis under the coefficients. The symbols ***, **, and * denote that the individual coefficient is significant at the 1%, 5%, and 10% significance level respectively. Note: Each equation was estimated individually by ordinary least squares. White's robust standard errors are given in parenthesis under the coefficients. The symbols ***, **, and * denote that the individual coefficient is significant at the 1%, 5%, and 10% significance level respectively. Note: Both equations were estimated simultaneously by three stages least squares Standard errors are given in parenthesis under the coefficients, and the p-value is given in parenthesis under the Hansen-Sargan statistic. The symbols ***, **, and * denote that the individual coefficient is significant at the 1%, 5%, and 10% significance level respectively.
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